Fungal rhinosinusitis (FRS) is categorized as being either invasive or non-invasive based on the histopathological evidence of tissue invasion by fungi. Endoscopic sinus surgery (ESS) has become the gold standard treatment for non-invasive FRS including sinus fungal ball. It is considered to be an effective and safe procedure. It is important to keep a sufficient field of view in order to remove the fungal debris completely. ESS should also prevent damage to the nasal cavity structures including the inferior turbinate. This report mainly describes the endoscopic surgical procedures for fungal ball of the maxillary sinus (sinus mycelia) based on our methods and review of the literature, including written articles in Japanese. ESS procedures include the middle meatus approach for the maxillary sinus, the combined approach (both middle and inferior meatal antrostomy) for the maxillary sinus, and endoscopic modified medial maxillectomy (EMMM).
Introduction
Fungal rhinosinusitis (FRS) is categorized as either invasive or non-invasive based on the histopathological evidence of tissue invasion by fungi [1] . Invasive FRS includes acute invasive FRS, granulomatous FRS, and chronic invasive FRS [2] . Acute invasive FRS is the most aggressive sinusitis, which shows bone distractions as well as orbit and/or skull base invasion with poor prognosis [3] .
Wide resection with high-dose antifungal therapy should be performed immediately for the treatment of acute invasive FRS. Therefore, invasive FRS must be In contrast, the non-invasive type grows slowly and in some cases, there are no symptoms [1] . Non-invasive FRS can be divided into saprophytic fungal infestation, fungal ball, and fungus-related eosinophilic FRS including allergic FRS [2] . Fungal ball is the most frequent cause of non-invasive FRS, and the maxillary sinus is the most common location [1] [4] .
Endoscopic sinus surgery (ESS) has become the gold standard of treatment or chronic rhinosinusitis, including non-invasive fungal sinusitis. It is considered as an effectiveness and safe procedure, and the recurrence rate is about 5% (0% -22.5%) [4] . This report mainly describes about endonasal endoscopic surgical procedures for fungal maxillary sinusitis (fungal ball, sinus mycelia), based on our methods and a review of the literature, which included Japanese articles (Table 1) .
ESS for Fungal Maxillary Sinusitis
To treat fungal ball of the maxillary sinus, all of the fungus must be completely removed. To verify complete removal of the fungal ball, it is important to achieve sufficient visualization of the sinus. In addition, the use of not only a 0˚ endoscope but also angled endoscopes (30˚, 45˚, 70˚) are required to achieve this. How to ensure the sufficient visualization? It is sometimes difficult to see the anterior inferior or medial inferior wall of the maxillary sinus even when a 70˚ endoscope is used, when the maxillary sinus is observed from a middle meatus window. If 70˚ endoscope does not allow sufficient visualization afterwards, then a flexible scope deployed into the maxillary sinus may avoid any unnecessary surgery. Although the surgery involves a large opening of the sinus, including removal of part of the inferior turbinate in some cases, the surgery should also prevent damage to the nasal cavity structures. It is not necessary to make an additional mucosal incision at the canine fossa. It is better to perform the septoplasty prior to ESS in order to achieve sufficient visualization of the sinus in cases with nasal septal deviation. The biopsy of the fungal debris and its surrounding mucosa is necessary to confirm non-invasive FRS when the fungal debris is removed. Nasal and sinus saline irrigation is performed at the end of the surgery. 
Middle Meatus Approach
Endoscopic middle meatal approach is one of the most commonly performed functional ESS procedures. The nasal cavity is decongested using a gauze with lidocaine and epinephrine. The lidocaine with epinephrine is injected at the level of the middle turbinate root and uncinate process. The uncinate process is removed in case of middle meatal antrostomy. Complete removal of fungal debris by ESS through an uncinectomy and a sufficiently wide meatal antrostomy is performed. The large or wide antrostomy means that we have a good visualization of the maxillary sinus and surgical instruments can be inserted easily. There are varying opinions on what the size of the antrostomy should be. If the ethmoid bulla is severely blocked, the ethmoidectomy has to be performed. After widening of the antrostomy for the maxillary sinus, the fungal ball is extracted using curved suctions, forceps, and curved microdebrider blades.
The "Gauze technique" is a simple and quick method used to be removed the fungal ball in the maxillary sinus [5] . It is a standard ESS using traditional instruments with the gauze. The surgical procedure is following the steps. After making a wide antrostomy, the fungus ball is removed with the curved endoscopic pincers and suction. The gaze soaked in a standard saline solution is introduced into the maxillary sinus through the antrostomy. The bulk of the gauze pushes out the remaining fungal debris using a curved suction or curved pincers, and then a gauze can be used to push the fugal ball out of the antrostomy. The same procedure is repeated several times, after which the gaze can be easily removed with curved forceps from the antrostomy.
When fugal debris can be removed completely, it is not necessary to have a large opening in the middle meatus for sufficient access to the maxillary sinus cavity. Although the mucosa should be preserved, it must be biopsied to exclude any possibility of microscopic invasion by fungi. Infected granulation tissue should be removed using curved forceps and microdebrider blades, but the periosteum of the sinus must be preserved in such cases. When the fungal ball is located near the ostiomeatal complex, it is a good indication for a middle meat us approach ( Figure 1 ). It is impractical to make a new window at the inferior meatus for these cases.
On the other hand, it is sometimes difficult to see the anterior inferior or medial inferior wall of the maxillary sinus even when a 70˚ endoscope is used, when the maxillary sinus is observed from a middle meatus window. The insufficient visualization of the entire maxillary sinus means that removal of the fungal ball will be incomplete. Thus, it is possible that fungal debris removal will be incomplete from a middle meatus window, and only when the fungus ball is not located in the anterior inferior and medial inferior wall of the maxillary sinus, will complete removal be achieved.
Combined Approach (Both Middle and Inferior Meatal Antrostomy)
Our department recently published a study that combined both middle and inferior meatal antrostomy. This combination was shown to be effective for the treatment of FRS [6] . Our study showed that the results of ESS with the combined approach were better than the middle meatal approach alone without inferior meatal antrostomy [6] . The post-operative CT examination at 3 to 4 months after the ESS, showed a normal maxillary sinus, and no cases of recurrence were observed in combined approach group in our study ( Figure 2) [6].
Klossek et al described that the middle meatus antrostomy had to be associated with an inferior antrostomy in about 65% of the cases in order to facilitate access and removal of the fungal ball [7] . Dufour et al. reported 150 fungus ball maxillary sinusitis cases that revived the ESS procedure [8] . They performed middle meatus antrostomy (n = 53/150, 35%) and a combination of middle and inferior antrostomy (n = 97/150, 65%) [8] . Based on these reports, the combination of middle and inferior antrostomy appeared to be required in over 60% of fungus ball maxillary sinusitis ESS procedures. The double ventilation pathway operation is superior to the single ventilation pathway. The combined approach makes it easier to observe the whole sinus, especially the anterior inferior and medial inferior wall of the maxillary sinus, compared with the single middle meatus approach. As for the post-operative micociliary function of the maxillary sinus, the previous report suggested that a combination of middle and inferior meatal antrostomy does not disturb the microciliary clearance [9] . Our previous study showed that a combination of the middle and inferior meatus antrostomy approaches did not disturb the post-operative nasal condition [6] . We performed the combined approach of ESS in the following steps. First, the uncinate process was removed for a sufficiently wide meatal antrostomy (see 2-1. Middle meatus approach). The surgeon decided whether or not to perform an inferior meatal antrostomy based on the observation of the maxillary sinus which was observed from the middle meatal window. When the fungal ball was located on the anterior or inferior side of the maxillary sinus, or if the surgeon could not see that area, an inferior meatal antrostomy was performed. In this approach, the bridge of bone between the two antrostomy preserved the inferior turbinate. The inferior turbinate is fractured medially, allowing space for the endoscope (0 or 30 degree) prior to make an inferior meatal antrostomy being made. Even if the inferior meatal antrostomy is closed after the surgery, which is not a major problem, we usually perform the meatal mucosal flap procedure to avoid closure or stenosis of the inferior meatal antrostomy (Figure 3) . Tani et al. reported that the inferior meatal antrostomy opening ratio was 89% for the inferior [10] . The U shaped meatal flap was elevated on the inferior and lateral mucosa in the inferior meatus. After elevation from the meatal bone, the flap was positioned on the nasal floor ( Figure   3(a) ). Then an inferior meatal window was created using a perforator, or chisel.
The bony wall was removed piece-by-piece to make a sufficient opening in the maxillary sinus. When the maxillary bone is hard, and it is difficult to make a hole, it is better to use an angled drill. After making an opening that was sufficiently wide, the mucosal flap was positioned across the inferior lip of the bony window into the maxillary sinus (Figure 3(b) ). We can easily observe the inside of maxillary sinus and insert surgical instruments through the inferior window or middle meatus.
To remove the fungal ball, a gauze which has a size of either 3 cm × 15 cm or 3 cm × 30 cm is generally used. The gauze is soaked with normal saline or saline which includes epinephrine. The gauze is introduced into the maxillary sinus from the inferior meatal window using curved forceps (Figure 4(a) ). Several gauzes are pushed into the maxillary sinus (Figure 4(b) ), and then a gauze can be used to push the fugal ball out of the middle meatus (Figure 4 Okanoue et al. described the combined approach using a Foley catheter instead of the gauze-assisted technique [11] . They insert the catheter into the maxillary sinus from the inferior meatal antrostomy. The inflated balloon (10 ml) causes fungal debris to extrude into the nasal cavity through the middle meatal antrostomy. Debris may remain on inferior or posterior wall of the maxillary sinus, which can then be removed by curved suction, forceps or curved microdebrider blades. This is easy and effective way to remove a fungal ball.
Endoscopic Modified Medial Maxillectomy (EMMM)
Endoscopic medial maxillectomy with medial sift of preserved inferior turbinate [12] . It was described that the head of the inferior turbinate is cut once using turbinate scissors up to the middle meatal antrostomy. This was done so that there is sufficient visualization of the sinus from the inferior meatus. After sifting the preserved inferior turbinate to the posterior midline position, the medial maxillectomy is performed from the middle meatal antrostomy using the backbiter cutting forceps. After the removal of fungal ball, the turbinate is repositioned and sutured with the anterior mucosa in its original position. This method was effective and has been widely accepted in Japan because it utilizes a relatively easy technique with a straight endoscope and instruments from to the inferior meatus. It is similar to the previously reported endoscopic medial maxillectomy with preservation of the inferior turbinate [13] [14] . These approaches are managed through the posterior side of the nasolacrimal duct. Therefore, it is difficult to obtain good visualization of the fungal ball located in the area between the nasolacrimal duct and anterior wall of the maxillary sinus ( Figure 5(a) ). In such a difficult case, endoscopic modified medial maxillectomy (EMMM) is the preferred choice ( Figure 5 16] . A vertical incision is made in the mucosa of the lateral wall along the anterior margin of the inferior turbinate to the nasal floor (Figure 6(a) ). The lateral nasal mucosa is separated from the medial maxillary wall bone (Figure 6(b) ).
They described that this procedure is initiated by an incision similar to the one used for submucosal resection of the inferior turbinate. After resection of the bone of the inferior turbinate, osteotomy of the medial maxillary bone is performed. At this time, the bone around the nasolacrimal duct is removed gently, and then the nasolacrimal duct is free from the bone (Figure 6(c) ). The preserved inferior turbinate mucosa and the nasolacrimal duct can be swung from side to side. The authors called these steps of the procedure "the swing method."
After the removal of fungal debris, the turbinate is repositioned and sutured with the anterior mucosa in its original position (Figure 6(d) ). This procedure is similar to the modified transnasal endoscopic medial maxillectomy for inverted papilloma published in 2011 [17] . When it is necessary to obtain improved access to the maxillary sinus, osteotomy of the anterior wall of the maxillary sinus can be added. These approaches have become widely accepted and recognized as EMMM (we call it EM-three) for FRS.
Using Powered Devices
An electrically powered, cylindrical shaver (vacuum-powered microdebrider) can use continuous suction to remove fungal debris and the related granulation as well as polypoid tissue [18] . The prevent blades are available in a variety of angles. It is better to use the cylindrical shaver after fungal ball debulking. Because these often clog with the sticky fungal material.
A powered saline sinus irrigation system (for example, Hydrodebrider System) will help the removal of the fungal ball or bacterial colonies from the paranasal sinuses [19] [20] . The handpiece delivers a rotating spray of pressurized saline with incorporated suction. The pressured saline spray directly cleans the sinus with angles of 0 to 270 degrees [20] .
Complications
As with any endoscopic surgery procedure, ESS has associated risks. Although the risk of a complication of ESS for FRS is low, it is important to understand the potential complications. In most studies, complications of ESS for FRS were the same as those described of Functional ESS for sinusitis [1] . According to the review article, minor complications totaled 5%, and major complications were around 0.5% -1% for ESS [21] . The most common complication is epistaxis, mainly due to injury of the posterior nasal branch of the sphenopalatine artery [1] . In chronic rhinosinusitis cases, the most common complications were postoperative hemorrhage (1.2%, 41 of 3402 cases), cerebrospinal fluid leak (0.56%, 19 of 3402 cases), and orbital complications (0.85%, 29 of 3402 cases) [22] . Before ESS, we should pay attention to certain risk factors and preliminary damage. We must understand the risk factors prior to ESS being performed. There-Int. J. Otolaryngology and Head & Neck Surgery fore, it is very important to perform adequate preoperative imaging. We must check the uncinate process attachment zone, medial orbital wall, skull base, cribriform, plate, anterior ethmoid artery, sphenopalatine artery, optic canal, internal carotid artery and so on before ESS [21] .
Post-Operative Care
Post-operative care is similar to that used after functional ESS for sinusitis. Previous studies have shown that non-invasive FRS does not require adjuvant local or systemic antimycotic chemotherapy after ESS. The patients require nasal and sinus saline irrigation using a bulb syringe after ESS [1] . The short-term use of steroid drops or spray will be effective for treating the edema of the rhinosinus mucosa [1] . The follow-up examination can involve either an endoscopic nasal or CT examination. We performed the post-operative CT examination three or four months after ESS, in order to confirm the patient had healed [6] .
Conclusion
ESS is the standard treatment for non-invasive FRS including sinus fungal ball. All of the fungus must be completely removed. To verify complete removal of the fungal ball, it is important that there is sufficient visualization of the sinus. We have considered useful approaches such as, the middle meatal approach, combined middle and inferior meatal approach, and endoscopic medial maxillectomy, endoscopic modified medial maxillectomy (EMMM) for fungal maxillary sinusitis (Figure 7 ). These approaches are summarized in Table 1 . Furthermore, we must understand the risks of these approaches to avoid the complications of ESS.
